https://e-jcvi.org Echocardiography is the most commonly used noninvasive modality providing realtime images of the heart. To provide optimal information for decision making, normalization of cardiac measurements is both imperative and clinically significant. For this reason, echocardiography societies have suggested a standardized, formal report of echocardiography, including measurements that are normalized to body size. 1) Most studies have published normal values and assume a linear isometric relationship between cardiac dimension and body size, especially body surface area (BSA). The recommendations for cardiac chamber quantification by the American Society of Echocardiography and the European Association of Cardiovascular Imaging provided normal reference values for size and function of both ventricles and size of both atria. 2) In this recommendation, normal reference values for left ventricle (LV) volume and LV volume normalized to BSA extracted from databases of normal subjects were provided for men and women. Also, the BSA-indexed LV end diastolic volume (EDV) and end systolic volume (ESV) measured from an apical four-chamber view and the BSA-indexed biplane LV EDV and ESV based on age were shown. Normal value for left atrium (LA) size was also adjusted for body size, especially BSA, for which there is the most available data. 3)4) In addition, the sex differences in LA size are generally accounted for when adjusting for BSA. 3) Additionally, the most commonly accepted guideline for the tricuspid annulus (TA) size defines the normal TA diameter in adults as 2.8 ± 0.5 cm in the apical four chamber view, and significant TA dilation is defined by a diastolic diameter > 2.1 cm/m 2 . 5) On the other hand, this approach with BSA to the power of 1 cannot always explain the relationships between cardiac measurements and body size, and there have been trials to normalize cardiac measures with allometric analysis. De Simone et al. 6) aimed to identify the optimal method to normalize LV mass (LVM) for body size in overweight children and adults. In his study, LVM was related to BSA to the power of 1.5 and height to the power of 2.7. Normalizations of LVM for height or BSA in his study could not expect exact relations of indexed LVM to body size and caused errors in estimating the impact of overweight. Also, he suggested that LV hypertrophy (LVH) should be identified by LVM normalized by body size raised to allometric powers, such as LVM/BSA 1.5 or LVM/m 2.13 . 7) LVH for LVM/BSA 1.5 or LVM/m 2.13 was detected more frequently than LVH for BSA and was associated with a larger proportion of incident cardiovascular events. In addition, this approach allows detection of adverse obesity-related LVH. Normalizing cardiac chamber measurements with allometric scaling methods in obese patients was also suggested in another study by Zong et al 8) who analyzed left chamber measurements in 717 healthy obese adults to body size variables, such as height, weight, body mass index, and BSA, allometric scaling of LA anteroposterior dimension (LAD), LA volume, LVEDV, and LV end diastolic dimension showed stronger correlation with measured chamber sizes compared with isometric scaling, and the overcorrection caused by isometric scaling was overcome with allometric measurements. These studies imply that isometric measurements, such as cardiac measurements relative to height or BSA, would be misleading, especially in overweight and obese subjects. Neilan et al. 9) compared isometric and allometric modeling approaches to assess the optimal scaling method using LAD with 15,667 consecutive echocardiographic studies for normal adults. In his study, the standard isometric corrections for body size failed to adequately account for the association between LAD and body size. Normalization using the optimal allometric exponent removed the effect of body size, especially that of body weight.
However, such results are not always consistent, and allometric coefficients (AC) are variable. A study by Daniels et al. 10) revealed height 3 as the optimal height exponent for indexing LVM in children and adolescents, whereas Chirinos et al. 11) reported LVM/height 1.7 as more sensitive than LVM/BSA to identify obesity-related LVH and predict cardiovascular events in adults. These results suggest the age effect on the allometric signal of height.
In this issue of Journal of Cardiovascular Imaging, Iglesias-Garriz et al. 12) tried to identify the allometric relationships between cardiac measurements and body size. In measurements of LVEDV, LVESV, and TA, AC did not coincide with the isometric coefficient, and AC for LVEDV and LVESV were 1.5 and 1.7, respectively, which indicates that normalization using BSA 1.5 and BSA 1.7 could produce a better scaling of these volumes. However, in the study, the sample size was not large enough, and this limitation hindered them from considering the effects of age, sex, or other possible factors on body size in their analyses.
The allometric approach is not a formal recommendation in most guidelines. Application of the allometric approach for normalization of cardiac chamber measurements requires further study in a large population with a wide range of age and body size, including obesity.
